In places like China, an ageing population coupled with changes in living standards and increases in disposable income, imply a shift of the demand for health-related goods and services which is likely to affect the whole organization of the industries that supply such goods and services at the global level. One of the industries most likely to be affected is the pharmaceutical sector. In the early 2000s China was already the second largest global producer of pharmaceutical ingredients. The pharmaceutical sector has become one of the most important industries promoted by the Chinese government and Five-Year Plan of China's Strategic Emerging Sectors, mergers and acquisition (M&A) activity has been the key strategy to restructure the sector and increase its competitiveness. This paper firstly provides an updated picture of the evolution of M&As in the pharmaceutical sector, compared to other sectors, in China in the period 2005-2013. Secondly, we develop a composite indicator to measure the industrial performance of all Chinese industrial sectors over time, which allows us to assess the performance of the pharmaceutical industry compared to that of other sectors of the Chinese economy. Finally, we develop and estimate an empirical model that tests the relationship between the number of M&A in a sector and its performance, with a particular focus on the pharmaceutical case. The results offer some initial evidence of positive effects from the process of restructuring of the pharmaceutical sector in China.
Introduction
A few important recent mega-trends are affecting global demand for health-related goods and services. Among these is the ageing of population, which is of interest to most industrialized western nations, as well as to some big emerging countries, including China [1] . Population ageing together with changes in living standards and increases in disposable income in large economies like China imply-sooner or later-a shift in demand for health-related goods and services. These global trends, together with the centrality of the knowledge economy and research networks [2] , place certain manufacturing sectors at the core of contemporary international industry. The pharmaceutical sector is without a doubt one of these cases [3] [4] [5] . This sector is already experiencing changes in the production strategies of both emerging countries and western industries which are likely to affect what medicines are produced and where: new countries are entering global value chains and are gradually becoming reference hubs for the realization of drugs or drug components [6, 7] . In the future, this might have effects on the improvement of health in specific parts of the world, on the location of Research and Development (R&D) investment supporting such improvements and on the role that some manufacturing companies and some regions will play in the global market.
China is a particularly interesting case-study in this context. In the early 2000s the country had already become the second largest producer of pharmaceutical ingredients in the world [8] . The pharmaceutical sector has been one of the most rapidly emerging industries in China. For the last two decades, the sector has experienced double-digit annual growth rates, with an average of 16.1 percent annual growth in production value between 1978 and 2005 [9] . These growth rate further increased to 20 percent from 2006 to 2012 [10] . Meanwhile, the international competitiveness of China's pharmaceutical sector has also been improving fast. Thanks to such rapid growth, the pharmaceutical sector has become one of the most important industries promoted by the Chinese governments. Starting from the 10th Five-Year Plan for China National Economic and Social Development and up to the latest 13th Plan, the pharmaceutical sector has been identified as one of the "strategic emerging sectors". In particular, in the 12th Five-Year Plan of China's Strategic Emerging Sectors, mergers and acquisitions (M&As) across firms in the pharmaceutical industry were already strongly encouraged. It emerges clearly from the related documents [11] that M&As have been the key strategy of the Chinese government to restructure the sector in this important phase. By allowing M&As, the government wishes to stimulate the creation of national champions able to compete at the global level in the supply of pharmaceutical products [12] [13] [14] .
From this perspective, studying M&A in the pharmaceutical sector in China can provide unique insights on the future evolution of the global supply of medicines. In addition, from a more scholarly perspective, M&A in the pharmaceutical sector have been considered particularly interesting in the wider literature on industrial economics, for several reasons.
Firstly, compared to other industries, the pharmaceutical sector is particularly active in M&As at the world level and it provides a good laboratory to investigate the effect of M&As on the performance of the sector (i.e., ability to discover new medicines, engagement in new R&D investment and etc.) [15] .
Secondly, the industry has important distinctive features, related in particular to the high sunk costs required to develop and sell new drugs-including R&D investment, trials and marketingand to the high risks associated with its drug pipeline. For these reasons, the major findings on the success of M&As in terms of ex-post efficiency and profitability suggest that synergy-seeking M&As are particularly effective in the pharmaceutical sector [16] [17] [18] .
Thirdly, the debate on the effectiveness of M&As in the pharmaceutical industry in the contemporary global economy is inconclusive [19] . On the one hand, previous studies emphasize that large pharmaceutical firms tend to gain higher returns after M&As than small and medium sized ones [20] . However, on the other hand, Berndt [21] argues that this positive association is contingent upon the timing of the operation: if the M&A takes place within the period of validity of the major patents of the target firm, then the positive association between size and profitability holds; however, in the long run this association tends to become negative. Finally, and particularly pertinent for our case, existing studies are mainly limited to the pharmaceutical sector in U.S. and Europe. Little is known about the evolution and the effectiveness of M&As in the pharmaceutical sector in China. In the Chinese academic literatures there are a few theoretical analyses on this topic [22] , but very few empirical studies investigate the relationship between the restructuring of the pharmaceutical sector through M&As and the competitiveness of the industry (most studies deal with the effects of M&As at the firm level. For a review of the Chinese literature on this see Li [23] ). As we shall see, the pharmaceutical sector in China, much more than other industries, is experiencing a process of restructuring through M&As. It is our purpose to investigate whether such restructuring is actually associated with above-average improvements in the performance of the sector and under what conditions. This paper seeks to contribute to the extant literature in several ways. First of all we provide an updated picture of the evolution of M&As in the pharmaceutical sector in China compared to other sectors, over the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . In doing so, we distinguish the type of M&A (horizontal, vertical and conglomerate), the origin of the target and acquirer firms and then focus, in particular, on the M&As undertaken between Chinese firms. Secondly, we develop a composite indicator to measure the industrial performance of all Chinese industrial sectors over time, which allows us to assess the performance of the pharmaceutical industry compared to that of other sectors of the Chinese economy. Finally, we develop and estimate an empirical model that tests the relationship between the number of different types of M&A in a sector and its performance, with a special focus on the pharmaceutical case.
Recent Evolutions in the Pharmaceutical Sector in China
Pharmaceuticals represent a major fast-growing sector in China. Sales revenues in the Chinese pharmaceutical sector have been continuously improving in the period 2005-2013, with an annual growth rate of between 20% and 26% (see Figure 1) . During China's Tenth Five-year Plan (2001) (2002) (2003) (2004) (2005) , the ratio of profits to sales in the sector was below 9%, but since 2007 it has constantly increased. In 2010 it reached a peak of 11.67% and remained above 10% in 2012 and 2013 [4] . In terms of total production output, the Chinese pharmaceutical sector shifted from 2% of world production in 2002 to 6% in 2011 [4] . performance of all Chinese industrial sectors over time, which allows us to assess the performance of the pharmaceutical industry compared to that of other sectors of the Chinese economy. Finally, we develop and estimate an empirical model that tests the relationship between the number of different types of M&A in a sector and its performance, with a special focus on the pharmaceutical case.
Pharmaceuticals represent a major fast-growing sector in China. Sales revenues in the Chinese pharmaceutical sector have been continuously improving in the period 2005-2013, with an annual growth rate of between 20% and 26% (see Figure 1 ). During China's Tenth Five-year Plan (2001) (2002) (2003) (2004) (2005) , the ratio of profits to sales in the sector was below 9%, but since 2007 it has constantly increased. In 2010 it reached a peak of 11.67% and remained above 10% in 2012 and 2013 [4] . In terms of total production output, the Chinese pharmaceutical sector shifted from 2% of world production in 2002 to 6% in 2011 [4] . In the post-crisis period the sector has undertaken a particularly significant process of restructuring through M&As. Although, as highlighted by other authors [24] , M&As were not new in the sector, it can be argued that after 2009 the pace of the restructuring process has notably changed. The main actors of this new wave of M&As have been Chinese listed companies. Given the generally large size of such companies, M&A are characterized by an increasing average transaction value of each operation, especially after 2009. Data from our database (see Section 4) show that, in terms of number of operations, M&A in the Chinese pharmaceutical sector reached a peak in 2011, with 68 mergers or acquisitions and a total transaction value of 8889.58 Million RMB. This process seems to differ in some respects from the previous wave of M&As in the 1990s. At that time, stateowned enterprises (SOEs) were the main driving force behind M&As, motivated by the governments' aim to reform SOEs [5] . After the crisis, however, a bigger portion of M&As seem to have occurred between shareholding enterprises, even though the role of the government is still clearly visible, mainly through industrial policy actions.
The recent wave of M&As appears in line with the explicit policy strategy of the Chinese government to restructure the sector by allowing a major concentration of the industry and by accelerating the re-organization of production. Industrial policy, at least in the last decade, has been encouraging a group of firms to merge.
In 2006, the Chinese government [25] already launched a series of policies to encourage mergers and acquisitions in a number of high-technology and strategic emerging sectors, including pharmaceuticals. These policies generally aimed at facilitating M&A operations by simplifying the administrative and legal procedures required. In the post-crisis period the sector has undertaken a particularly significant process of restructuring through M&As. Although, as highlighted by other authors [24] , M&As were not new in the sector, it can be argued that after 2009 the pace of the restructuring process has notably changed. The main actors of this new wave of M&As have been Chinese listed companies. Given the generally large size of such companies, M&A are characterized by an increasing average transaction value of each operation, especially after 2009. Data from our database (see Section 4) show that, in terms of number of operations, M&A in the Chinese pharmaceutical sector reached a peak in 2011, with 68 mergers or acquisitions and a total transaction value of 8889.58 Million RMB. This process seems to differ in some respects from the previous wave of M&As in the 1990s. At that time, state-owned enterprises (SOEs) were the main driving force behind M&As, motivated by the governments' aim to reform SOEs [5] . After the crisis, however, a bigger portion of M&As seem to have occurred between shareholding enterprises, even though the role of the government is still clearly visible, mainly through industrial policy actions.
In 2006, the Chinese government [25] already launched a series of policies to encourage mergers and acquisitions in a number of high-technology and strategic emerging sectors, including pharmaceuticals. These policies generally aimed at facilitating M&A operations by simplifying the administrative and legal procedures required.
Another more recent and even more significant initiative, has been the establishment of the Good Manufacturing Practice (GMP) standard [26] , that sets the basic qualification criteria required for entering the market. The criteria imply that only those firms qualified as GMP are allowed to produce in the pharmaceutical sector; in the absence of this qualification, firms can no longer operate. As a consequence, a large number of small and medium sized firms attempted to merge with firms that held a GMP license.
In addition to public policy action, the structure of the sector itself in China can be considered another distinctive feature. The Chinese pharmaceutical market is still highly fragmented. The main indexes of concentration CR3, CR5, and CR10 in the Chinese pharmaceutical market were 6.16%, 8.17%, 13.88% respectively in 2011,about 1/5 of those in the U.S. [27] . The annual cumulative revenues of the top ten listed Chinese companies were 49.16% of the total revenues of all listed companies, compared to 74.07% in the U.S. market. Moreover, there were over 13,000 Chinese pharmaceutical distributors in the sector in 2015, while the top 3 distributors only controlled 25% of the market share. This distribution concentration index is not only extremely low compared to those in the U.S., UK, France, or Australia (around 80%), but also compared to the average in South East Asian countries, including the Philippines, Malaysia and Thailand (where it is around 60%). As a consequence, many distributors in China became acquiring targets for pharmaceutical manufacturers who wanted to enter downstream activities to gain the typical advantages of vertical integration and to better control their supply chain.
Finally, consistent with the general motivations that push M&As in the pharmaceutical sector worldwide, the high R&D investment requirements is another important driver for M&As in China. More specifically, due to the fact that the efficiency of R&D investment in the pharmaceutical sector appears particularly low [28] , companies have gradually shifted their strategy towards acquiring existing firms with patents, rather than engaging in new R&D projects.
The abovementioned trends capture the main specificities of the contemporary pharmaceutical sector in China and its ongoing restructuring process. The remainder of the paper addresses the debate on the effectiveness of such a restructuring.
Literature Background
For the purposes of this paper two broad streams of literature are pertinent (for a comprehensive review on M&As see among others Yaghoubi et al. [29] ). On the one hand, there is the vast literature on M&As and their effects, which has been mainly developed within the fields of industrial economics (i.e., the traditional S-C-P paradigm and its evolutions), corporate business strategy and finance. According to the traditional S-C-P paradigm, M&As affect industrial performance by collectively changing the market competition and structure [30, 31] , intra-sectoral productivity [32] , and inter-sectoral synergy [33] .
On the other hand, there is the literature on industrial competitiveness and industrial performance (starting from the seminal contribution of Porter [34] ), which has focused on measuring and investigating the determinants of competitiveness at the company, industry and country level.
The first stream of literature helps us to understand the conditions under which M&A operations are likely to be profitable and therefore likely to improve the performance of the sector where they take place. The second stream helps us to define an indicator of industrial performance, while a specific role for M&As has also emerged within this stream. Both streams of literature help us structure our main hypothesis and allow us to define several control variables that need to be taken into account when testing the relationship between M&As and the sector's industrial performance.
The Effects of M&As at the Industry Level
Most of the existing contributions concentrate on the effects of M&As at the firm-level or at the economy-level. One of the few studies on the effects of M&A on the industry level, Andrade and Stafford [35] suggests that M&As can play two main roles: contributing to expansion and contraction of an industry. On the one hand, M&As can be regarded as a strategy to increase the capital base of the acquiring firms in order to leverage emerging growth opportunities; on the other hand, mergers appear to facilitate industry contraction, which in turn can improve efficiency. According to several scholars, such roles can change over time. For instance, Jensen [36] found that merger activities in the 1970s resulted in both excess capacity and technological improvement. The relationship between mergers and capacity utilization was negative in 1970s and 1980s, but in the 1990s the relationship became significantly positive [37] . This would suggest that M&As in the 1990s facilitated industrial expansion, whereas in the previous period they generated a contraction of the industry. What we conclude from this stream of the literature is that the expected effects of M&A can vary over time and depending upon the mainly expansionary or contractionary role they play in each phase and in each specific context.
A second important stream of research on M&As concentrates on their effects on market competition. Especially with reference to those operations that display a "merging for monopoly" pattern-a common feature of the M&As at the beginning of the 20th century-economists warned of the risks of decreasing the competition within industries, which might damage both firm-level and industry-level value creation [38] . More recent empirical studies, however, have found contrasting evidence on the relationship between market power and M&As [30, 39, 40] . Market power does not necessarily increase in terms of sales [30] after an M&A operation, however profitability, productive efficiency and negotiation power towards suppliers do, especially in the case of horizontal mergers [31] . In any case, a proxy of the level of market concentration must be considered to better understand the potential impact of an M&A on the performance of an industry.
M&As' Effects and Industrial Performance
Coming to the specific effects of M&As on industrial performance, we start by broadly defining industrial performance as the ability of an industry to generate value added in a competitive context [41] , a characteristic which is also typically considered as one dimension of industrial competitiveness. The literature on industrial competitiveness is vast and it is beyond the scope of this paper to review it (for a review of the concept of sectors' competitiveness see among others [42] ). Here we recall that in the early 1990s a number of studies already suggested that corporate strategic action, including diversification, mergers and acquisitions, investment into human resources and corporate culture determine industrial performance and competitiveness. Harrison et al. [43] in particular established a clear link between M&As and industrial performance. Concretely, there are at least three channels through which M&As can contribute to improving efficiency and competitiveness at sectoral level:
• Exploitation of operation synergies; • Exploitation of economies of scale and scope; • Cost reductions (particularly in R&D investment);
More recent papers recall these channels, underlying how the industrial structure and the organisation of a sector, together with technology and government policies, are important determinants of industrial competitiveness (see among others [44] ).
The literature, however, on the other hand has also emphasised that not only is the industrial structure-and therefore its restructuring through M&As-important for the competitiveness of a sector, but at the same time the probability that M&A operations generate gains for the sector depends upon the structure of the industry. In other words, M&As influence the structure of a sector and its competitiveness, but the opposite is also true. This is an important aspect to be taken into account when modelling the empirical relationship between M&As and competitiveness at sectoral level: a number of confounders potentially influencing both variables need to be included in the analysis. We briefly list them below (Table 1 provides a full summary of the main control variables we include in our empirical model):
M&As and Industrial Structure
Mergers are believed to increase market concentration [45] , but at the same time industry concentration (see control variable 1.1 in Table 1 ) affects total acquisition gains [46] . It has been argued that in highly concentrated industries, acquiring firms capture higher wealth [45] , especially if they come from other sectors [46] . Furthermore, a collusive merger, which is more likely to happen in a highly concentrated industry, is proven to achieve higher gains [45] . The extent to which such gains are translated into a higher competitiveness within the sector is debatable. However, this literature suggests that a measure of industrial concentration should be included as a control variable in our analysis.
Similarly, the distribution of firm size in a sector (see control variable 1.2 in Table 1 ) is one of the structural features of industrial organization, which is also regarded as one of the factors contributing to industrial competitiveness [47] . Several scholars found that the distribution of firm size within a sector determines the motivation and return of a merger (see among others [48] [49] [50] ). In particular [51] suggest that the profitability of an M&A operation is positively associated to the ratio of the size of the largest firm to the size of other firms in the industry. We therefore include a proxy for the distribution of firm size in our empirical model. 
M&As and Macro Factors
In addition to the above-mentioned aspects, some features of the macro-environment are important determinants of the success of M&As [35, 37, 52, 53] .
Among these features are, for instance, changes in the international rules and regulations that can affect firms' value and acquisition premium [54] [55] [56] [57] , as well as the growth stage of an industry in its lifecycle. The extant literature suggests that acquisitions occur in waves [35, 37] . Generally, firms undertaking acquisitions during the growth phases of an industry are more likely to improve their performance. Moreover, in these stages first-movers appear to gain higher advantages and stock returns [58, 59] . In growing industries M&As appear to be underlined by the search for growth and diversification [60] , while in declining industries they are more likely to seek acquisitions in unrelated sectors [58, 60] , which in turn worsen the performance of the industry over time.
Furthermore, an industry shock (see control variable 2.1 in Table 1 ) can alter an industry's structure inducing takeovers and restructuring activities through M&As [37, 53] . In the case of China, important industry shocks would include the specific industrial policies targeting selected sectors, which have been proven to impact the sectors' industrial performance [61] . Being recognized as a pillar industry or a strategic emerging sector in the Five-Year Plans for National Economic and Social Development is a clear indication of the attention of the government towards a sector and it constitutes a typical kind of industrial shock [62] .
In addition, economy-wide changes such as the emergence of technologies, changes in anti-trust policies and changes in bankruptcy regulations can partly explain the changes in frequency of M&As [36] .These macro factors can create opportunities for firms to improve their performance through M&As [32] . Toxvaerd [63] suggested that fundamental economic changes influence merger profitability. In the time span we considered for this analysis a fundamental change in the macro-environment that should be accounted for is, for instance, the global financial crisis of 2008. Moreover, in the last three decades, China has gradually integrated with the global market, allowing imports, inward FDI and mergers in almost all manufacturing sectors (see control variable 2.2 in Table 1 ). Such integration has contributed to the industrial performance and competitiveness of China [64, 65] . For this reason, we also take foreign M&As targeting Chinese firms and Chinese M&As abroad into account in our analysis.
M&As and the Characteristics of the Target and the Acquirer
Beyond the macro factors, the literature on M&As has also identified a number of characteristics of the target and acquired firm (see control variable 3.1 in Table 1 ) which affect the success of an M&A operation. We do not review all of them here (see among others [66, 67] ), however it seems clear that the more different the target and the acquirer, the more difficult the process of conducting a successful M&A. In this sense geographical, organizational and technological differences [68] [69] [70] are important determinants of the outcomes of M&As at the firm-level, which can translate into important effects on the competitiveness of a sector (in previous studies, the authors have found that in the particular case of China, it can be argued that the domestic market is characterized by a high fragmentation [71] . Market fragmentation means that the regional markets are very different, which is a fact that cannot be ignored when doing business across different provinces in China [72, 73] . In this case, cross-province M&A in China can have different performances compared to M&A in the same province). Mainly for this reason, due to differences between the target and acquiring firms, the literature distinguishes horizontal, vertical and conglomerate mergers. The third case has long been identified as the most problematic in terms of both post-merger performance and improved competitiveness of an industry [74, 75] . Vertical M&As have been considered an effective way of improving R&D capability, technological innovation and competitive advantages along the value chain [76] [77] [78] . In the pharmaceutical sector in particular, vertical M&As can improve control over final markets, with positive effects on both sales and margins (in the case, for instance, of the acquisition of a distributor) or can reduce input costs (in the case of upstream M&As). As concerns horizontal M&As, the debate is still open. On the one hand, thanks to scale and scope advantages, production and R&D efficiency are enhanced after an horizontal merger [79, 80] ; on the other, horizontal mergers are also considered to be a way to achieve monopolies and harm competition within an industry [81, 82] . Especially in the case of horizontal M&As, it is crucial to understand whether the industry is experiencing an expansionary or contractionary phase (see Section 3.1). In the latter case, the risks of negative effects on the competitiveness of a sector are higher.
Finally, our focus on the specific case of China leads us to consider Chinese literature on M&As. From this literature, we understand that the intensity of M&As in other sectors can also determine the performance of a specific industry. The Chinese literature Hasid entified a variety of M&A efficiency and synergy effects among sectors [83, 84] . Li and Zhang [85] empirically tested the difference in M&A trends across sectors, suggesting that when analysing M&A performance in an industry, a comparison with the trends in other sectors becomes crucial.
As for the specific effects of M&As in the pharmaceutical sector in China, scholars have found differences in the impacts on the firm and market levels. Lei and Ma [86] found that mergers among pharmaceutical firms have positive EVA one year after the merger, but negative EVA in the second year. They also found that M&As that involve a higher ownership acquisition improve the EVA. However, Qiu et al. [87] found that post-merger performance in the Chinese pharmaceutical sector is, in general, rather unstable over time.
Hypothesis and Model
The vast literature summarized above highlights two major motivations for M&As: one is to increase market power and the other is to decrease costs. Particularly in the pharmaceutical sector, mergers have been identified as the most important way to reduce R&D expenditure and to better organize the drug production pipeline, according to their patents' expiration, by acquiring firms with longer lasting patents, rather than investing in new drugs discovery [15] . Globally, mergers occurred in waves in the last three decades. Most global pharmaceutical giants formed along with these waves. However, in China, there are still few domestic giants in the pharmaceutical sector and the sector appears much less concentrated than it is in other countries.
The recent trends in the pharmaceutical sector in China (Section 2), as well as recent analyses [88, 89] point to three important characteristics of the industry:
• low degree of concentration; • rapid growth; • absence of overcapacity;
These three features allow us to hypothesize that M&As in the pharmaceuticals sector in China are being undertaken with the objective of an expansionary function in a growing sector. For this reason, we hypothesize a positive relationship between M&A intensity and industrial performance in the Chinese pharmaceutical sector, at least for horizontal and vertical M&As.
Hypothesis 1 (H1).
After controlling for the intensity of conglomerate M&A activity and other relevant factors, in the pharmaceutical sector an increase in the number of horizontal M&As has a positive impact on industrial performance.
Hypothesis 2 (H2).
After controlling for the intensity of conglomerate M&A activity and other relevant factors, in the pharmaceutical sector an increase in the number of vertical M&As has a positive impact on industrial performance.
In sum, to test these hypotheses, we set up the basic equation of the model as follows:
where y it refers to an index of industrial performance for each industrial sector, for each year under observation (see Section 4.2), c it refers to a set of control variables; x it refers to the number of horizontal M&As in each sector and in each year of observation, w it refers to the number of vertical M&As; z it is a dummy variable that takes the value of 1 when the acquiring firm belongs to the pharmaceutical sector. ε refers to the usual error term.
Materials and Methods

Data
Our data are collected from three sources. First, the data about companies M&A activities were collected from Zero2IPO Database System, China, which is collated by Qingke Group, founded in 2001 and regarded as one of the most professional and authoritative research institutions in China. Its database covers almost all data on Chinese Limited Partner (LP), Venture Capital (VC), Private Equity (PE), Initial Public Offerings (IPO), M&A, Private Equity Real Estate (PERE), etc. Then we counted all the events of M&A activities at the 2-digit sector level, as defined in the Industrial Classification and Code Standard of the National Economy of China (Version 2011, i.e., GB/T 4754-2002).
Second, industrial-level data were collected from the "China Industry Statistical Yearbook", issued by the National Bureau of Statistics, China. This series of yearbooks provide industrial data at the 2-digit according to the same classification. Third, data about the technological innovation of each sector were collected from "China Statistical Yearbook on Science and Technology", issued by National Bureau of Statistics, China. This series of yearbooks also provide industrial data at the 2-digit level.
We We have a total of 324 observations in our database.
Measuring Industrial Performance
The industrial performance of manufacturing sectors is the dependent variable in our study. In order to measure such industrial performance we develop a composite indicator. Composite indicators are useful tools to analyze complex phenomena, in order to "synthesize" the information provided by different variables in a single value. Composite indicators are used in particular to assess variables that are difficult to observe or measure [90, 91] . For instance, composite indicators are very often used to compare country performances in terms of development, competitiveness, security, education, health, human rights, environment, corruption and financial risk [92] . These are general concepts that are difficult to measure with a single variable. Composite indicators are used to combine the information included in different variables, allowing a more precise description of the phenomenon. At the same time, as we shall see, they ensure that such a description does carry additional information, excluding inconsistency or redundancy. The aim is generally to inform policy makers, international institutions, investors and citizens about trends and changes in particular phenomena.
A composite indicator is particularly useful for our analysis, since we need to measure the trend in the industrial performance of sectors and this is, without a doubt, a complex phenomenon which is difficult to quantify (for a review of similar applications of composite indicators see, in particular, [42, 71, 93, 94] ). As explained in Section 2, in fact, the restructuring of the sector can only be fully understood together with the notion of strategic industries for the Chinese economy. The restructuring is taking place partly because the sector is considered to be a strategic emerging industry by the Chinese government. In this sense its performance must be related to at least four important aspects of the industry: its degree of competitiveness on external markets; its future growth prospects; its contribution to the Chinese economy; and its degree of innovativeness.
We therefore develop a composite indicator in order to classify J = 36 Chinese industries on the basis of their industrial performance. Our Industrial Performance Index (IPI) is composed by K = 6 variables: export sales (RMB); total assets; total profits; annual average number of employees; value added tax payable; intramural expenditure on S&T activities. These variables have been chosen to consider the industrial performance of sectors from different angles, such as: the ability of sectors to compete in international markets; to generate capital accumulation and profits (taken as a proxy of the future growth prospects); to generate employment and to produce fiscal revenues (which captures the contribution to the Chinese economy) and to invest in innovation. Statistically, a requisite for the choice of the variables is that they have an adequate degree of correlation. Variables must neither be negatively correlated nor have an excessive degree of correlation [42, 71] . Indeed, a negative correlation between the variables would imply that different variables are inconsistent in describing the same phenomenon (i.e., industrial performance), distorting the analysis. At the same time, an excessively high positive correlation between two variables (e.g., above 0.80) means that one of the two is redundant in describing the phenomenon and should be deleted. In our case the chosen variables generally display a positive and moderate degree of correlation. From a conceptual point of view such positive correlations are a further support to our hypothesis that M&A are being used with an expansionary function in a growing sector, with positive effects on employment, sales and capital accumulation, in addition to profitability.
Industrial performance variables are combined using the standard methodology for building composite indicators. The procedure, is based on two steps (see, in particular, [95] [96] [97] ):
weighting and aggregation
In the first step of the procedure (before performing the aggregation step), the variables are normalised since they have different scales and dispersions. Let X jk denote the value of X k for sector j. X jk is transformed into:
corresponding to well-known linear scaling in the min-max range. Note that, to avoid β(X jk ) values equal to 0 or 1, which may cause computational inconsistencies in the aggregation step, correction factors 1/J and 2/J are added respectively to the numerator and denominator.
In the second step, the normalized variables are aggregated by applying an appropriate combination function. This phase implies the choice of the combination function as well as the weight to assign to each variable, in order to incorporate their different degree of importance in the indicator (for a deeper discussion on normalisation and aggregation functions, see [95, 96] ). In our case the variables are assigned the same weight and are combined by applying the additive function, obtaining for each sector j the values of the Industrial Performance Index (IPI), as defined by Equation (3):
where K is equal to 6 (number of variables); β(X jk ) is the X normalized value of the k-th variable for the j-th sector; and W k is the weight given to the k-th variable. The IPI ranks the different industrial sectors, over time, according to their relative degree of performance. Industries with higher value of the IPI display higher industrial competitiveness, while those with lower values of the index are less competitive. Figure 2 shows that the pharmaceutical sector has been improving its performance over time, particularly since 2009. Indeed, since 2012 the sector's performance has been higher than the average of other industrial sectors in China.
where K is equal to 6 (number of variables); β(Xjk) is the X normalized value of the k-th variable for the j-th sector; and Wk is the weight given to the k-th variable.
The IPI ranks the different industrial sectors, over time, according to their relative degree of performance. Industries with higher value of the IPI display higher industrial competitiveness, while those with lower values of the index are less competitive. Figure 2 shows that the pharmaceutical sector has been improving its performance over time, particularly since 2009. Indeed, since 2012 the sector's performance has been higher than the average of other industrial sectors in China. 
Explaining Industrial Performance
Among the factors that explain industrial performance we are particularly interested in the direction of the effects of M&As in the pharmaceutical sector. Our main explanatory variable is therefore an interaction term between the frequency of M&As and the dummy variable capturing the pharmaceutical sector. In doing so, we distinguish horizontal M&As, vertical M&As and conglomerate M&As. To this aim, we carried out in-depth studies of every M&A event based both on the description provided by Zero2IPO Database System as well as a literature review (specifically: (a) we identified the 3-and 2-digit codes of each acquirer and target; (b) we consider the event whose acquirer and target are in the same 3-digit industry as an horizontal merger; (c) vertical mergers are instead those in which the acquirer and targets have up-or down-streams relations. All other M&A are categorized as conglomerate mergers). 
Among the factors that explain industrial performance we are particularly interested in the direction of the effects of M&As in the pharmaceutical sector. Our main explanatory variable is therefore an interaction term between the frequency of M&As and the dummy variable capturing the pharmaceutical sector. In doing so, we distinguish horizontal M&As, vertical M&As and conglomerate M&As. To this aim, we carried out in-depth studies of every M&A event based both on the description provided by Zero2IPO Database System as well as a literature review (specifically: (a) we identified the 3-and 2-digit codes of each acquirer and target; (b) we consider the event whose acquirer and target are in the same 3-digit industry as an horizontal merger; (c) vertical mergers are instead those in which the acquirer and targets have up-or down-streams relations. All other M&A are categorized as conglomerate mergers). First of all, (Figure 3 ), a clear upward trend in M&As between Chinese firms is notable since 2009.This provides some initial evidence of a process of internal restructuring in the sector. In parallel to this trend, there is a slightly decreasing tendency in both M&As involving foreign companies and in overseas M&As by Chinese firms. Mergers between Chinese firms have therefore represented the main tool for the restructuring of the sector. Figure 4 , on the other hand, shows that amongst Chinese M&As, the preferred mode is vertical M&A, followed by horizontal M&A, at least up to 2011. However, in the last two years of observations, conglomerate M&As have surpassed horizontal ones in number. Vertical M&As are largely characterized by the acquisition of distributors by manufacturing companies [98] . Overall, comparing the trends in industrial performance ( Figure 2 ) and in M&As (Figure 4 ), in particular since 2009, it seems reasonable to expect some positive relationship between the accelerating restructuring process of the pharmaceutical sector and its improved industrial performance, as measured by our performance indicator. First of all, (Figure 3 ), a clear upward trend in M&As between Chinese firms is notable since 2009. This provides some initial evidence of a process of internal restructuring in the sector. In parallel to this trend, there is a slightly decreasing tendency in both M&As involving foreign companies and in overseas M&As by Chinese firms. Mergers between Chinese firms have therefore represented the main tool for the restructuring of the sector. Figure 4 , on the other hand, shows that amongst Chinese M&As, the preferred mode is vertical M&A, followed by horizontal M&A, at least up to 2011. However, in the last two years of observations, conglomerate M&As have surpassed horizontal ones in number. Vertical M&As are largely characterized by the acquisition of distributors by manufacturing companies [98] . Overall, comparing the trends in industrial performance ( Figure 2 ) and in M&As (Figure 4 ), in particular since 2009, it seems reasonable to expect some positive relationship between the accelerating restructuring process of the pharmaceutical sector and its improved industrial performance, as measured by our performance indicator.
Beyond our main variables of interest, we have collected a number of control variables, summarized in Table 1 .
Among the control variables, it is worth saying a few words on the proxies capturing market concentration. As explained in Sections 3.2.3 and 3.3 the existing degree of concentration, is one of the key variables that impacts on the expected outcomes of (horizontal) M&As. In spite of rapid growth of M&As, according to our dataset market concentration in the Chinese pharmaceutical sector has not changed too much since 2005. Figure 5 shows a proxy for the market concentration of the Chinese pharmaceutical sector, as measured by our two main indexes (Table 2) . Up to 2012, the ratio of assets of large and medium firms to total assets of all above designated size (ADS) firms was around 50% (roughly the same figure of 2005) , while the ratio of the number of large and medium firms to the total number of ADS firms was less than 20% (compared to 14% of 2005). In 2013, these trends changed. The weight of large firms in terms of assets reached over 70%, while the weight of large firms in terms of number reached 22% ( Figure 5 ). There is a visible change in the trends of the two ratios in the last year of observation. Moreover, it should be noted that in terms of assets, the market concentration of 2013 can be considered slightly high compared with the industry standard in, for instance, the U.S. and Japan. In terms of numbers, the market concentration is still low implying that numerous firms with a small amount of assets still exist in the Chinese pharmaceutical sector. The sharp increase in assets of large firms of 2012 can be attributed mainly to a significant wave of investment directed to the sector through the stock market and venture capital [99] . Table 2 presents the main results of the regression analysis; We show the pooled estimationeven though we expect this model to place excessive restrictions on our data-as well as a comparison between fixed effects and random effects estimations. Since we are interested in the specific effect of M&As in the pharmaceutical sector, the random effects (RE) model is the only one that allows us r to estimate a sector-specific beta coefficient. For a recent review of the debate on the advantages and disadvantages of FE versus RE modelling, particularly in the social sciences, see [100] . A comparison between the two models shows however, that the coefficient of our M&A-related variables are very similar in the FE and RE estimations (the pooled specification (POOL) assumes a constant intercept and slope that is equal for all sectors. The fixed effect (FE) and random effect (RE) specifications assume that there is an individual unobserved heterogeneity that produces different effects for each sector. In the fixed effect form, we assume that such unobserved individual effects are correlated with our explanatory variables, whereas they are not correlated in the random effect specification. Both estimations have advantages and drawbacks. In particular, the FE form allows us to take into account omitted time-invariant explanatory variables, and it is particularly suitable if the sample represents the entire population of interest. However, the FE model produces estimates by essentially taking into account the within variability, that is, the variation over time of each individual unit of analysis from its own mean. Therefore, variables that have a low variability over time may be incorrectly estimated. Most of our variables of interest tend to vary across individual units just as much as they do over time (or even more in many cases). RE estimates make efficient use of both within and between variability (within each unit of observation and across units). However, if the FE is the valid model, RE estimates are inconsistent). In addition, we should emphasise that since we have a composite indicator as a dependent variable, the precise interpretation of the beta coefficient is nontrivial and does not have a univocal economic interpretation. What we are interested in is mainly the sign and the significance of the general relationship between M&As and sectoral industrial competitiveness, rather than the precise magnitude of the coefficient. The estimations have been performed with STATA software and robust standard errors have been used in all of them. As Figure 5 . Market concentration of the Chinese pharmaceutical sector (proxied by assets of large&medium firms and number of large&medium firms over total). Source: authors' elaboration. Table 2 presents the main results of the regression analysis; we show the pooled estimation-even though we expect this model to place excessive restrictions on our data-as well as a comparison between fixed effects and random effects estimations. Since we are interested in the specific effect of M&As in the pharmaceutical sector, the random effects (RE) model is the only one that allows us r to estimate a sector-specific beta coefficient. For a recent review of the debate on the advantages and disadvantages of FE versus RE modelling, particularly in the social sciences, see [100] . A comparison between the two models shows however, that the coefficient of our M&A-related variables are very similar in the FE and RE estimations (the pooled specification (POOL) assumes a constant intercept and slope that is equal for all sectors. The fixed effect (FE) and random effect (RE) specifications assume that there is an individual unobserved heterogeneity that produces different effects for each sector. In the fixed effect form, we assume that such unobserved individual effects are correlated with our explanatory variables, whereas they are not correlated in the random effect specification. Both estimations have advantages and drawbacks. In particular, the FE form allows us to take into account omitted time-invariant explanatory variables, and it is particularly suitable if the sample represents the entire population of interest. However, the FE model produces estimates by essentially taking into account the within variability, that is, the variation over time of each individual unit of analysis from its own mean. Therefore, variables that have a low variability over time may be incorrectly estimated. Most of our variables of interest tend to vary across individual units just as much as they do over time (or even more in many cases). RE estimates make efficient use of both within and between variability (within each unit of observation and across units). However, if the FE is the valid model, RE estimates are inconsistent). In addition, we should emphasise that since we have a composite indicator as a dependent variable, the precise interpretation of the beta coefficient is non-trivial and does not have a univocal economic interpretation. What we are interested in is mainly the sign and the significance of the general relationship between M&As and sectoral industrial competitiveness, rather than the precise magnitude of the coefficient. The estimations have been performed with STATA software and robust standard errors have been used in all of them. As clarified by, amongst others [101, 102] , when using the "robust" option in both fixed-effects and random-effects models, STATA controls for both heteroscedasticity and serial correlation. As already mentioned, the trends, both in the performance of the sector and in M&As, look significantly different before and after 2009. For this reason, we decided to also perform separate estimations for these two periods of time. The results are far more stable and the coefficients are much closer in magnitude and significance when comparing the FE and RE specifications. We present these results in Table 2 . Source: authors' elaboration. Significance: *** <1%, ** <5%, * <10%.
Results and Discussion
The first results suggest a positive and significant relationship between vertical M&As and industrial performance in the pharmaceutical sector, in line with our first hypothesis. This result is however limited only to the post-2009 period of observation. At the same time, however, the relationship between horizontal M&As and sector performance seems to be negative (after summing up all the significant coefficients involving either the dummy for the pharmaceutical sector or the variable capturing the horizontal M&As). Again, this result is particularly evident after 2009 and it is contrary to our hypothesis. The other variables of the model are by and large in line with expectations. Conglomerate M&As tend to have negative effects on the sectors' performance. In addition, the variable measuring inward M&As shows some positive effect, even though it is unstable. The variables capturing the crisis, as well as major policy shocks do not display significant effects in this formulation, although they do in the whole-period estimation (see Appendix A). As a final step, we further investigated the results related to horizontal M&As, as they are contrary to what we hypothesized. In particular, we tried to understand whether this result is somehow related to increased concentration of the sector that could have generated inefficiencies or excess market power, to the detriment of performance. We therefore introduced further interaction terms between horizontal M&As and our two measures of concentration (assets of large firms and number of large firms over total) in the pharmaceutical sector [72] .
Results are shown in Tables 3 and 4 . We have also performed these estimations for the two separate periods and the results hold for the years since 2009. The results suggest that, in the Chinese pharmaceutical sector, when horizontal M&As increase and at the same time the assets of large firms increase relative to the sector, the performance of the sector tends to decline (summing up all significant coefficients of the triple interaction variables). This results hold also when the ratio number of large firms is constant. On the other hand, if horizontal M&As take place together with an increase in the number of large firms, the performance of the sector appears to improve.
Given that a firm normally grows in size in two ways: independent investment and M&As [35] , we think that our contrasting results on the weight of large firms on the sector and horizontal M&As can provide interesting insights into the Chinese pharmaceutical industry. These findings suggest that, if existing large firms increase their assets (also through M&As) in the sector, this may eventually worsen industrial performance. On the other hand, if new large firms emerge, also through horizontal M&As, this may have a positive impact on industrial performance. It may be that at this stage in the development of the sector, it is more important to stimulate competition between large players (also new large players), than to induce existing players to increase their investment.
If these first results are confirmed by further studies, the general trend of an increasing number of large firms in the pharmaceutical sector in China that we observe in Figure 5 appears to be a good strategy for the restructuring of the sector. The results also provide support to the policies undertaken by the government in this respect. They would also be in line with a general sectoral context which is still characterized by a large number of small firms and which is experiencing an expansionary phase. At the same time, our results indicate that the peak we observe in asset concentration of large firms in 2013 and the increase in conglomerate M&As may create future problems for the performance of the sector. In Appendix A, we also report additional different model specifications, as well as basic correlation tables. Source: authors' elaboration. Significance: *** <1%, ** <5%, * <10%.
Conclusions
Ageing trends and increased income in the so-called emerging countries have effects on both the global demand of medicines and on the organization of the supply of such goods [73, 103] . Studying a country like China, given its important weight both in terms of population and manufacturing capacity, is crucial to better understanding such changes. When a fast industrialising country, like China, experiences significant improvements in living standards, as well as a trend towards an ageing population, it is evident that it will stimulate a reorganisation of both the demand and supply of health-related products.
Such reorganisation is likely to trigger a restructuring in health-related sectors such as pharmaceuticals. In this paper we have offered initial evidence of such an effect. China has been promoting a process of restructuring in its pharmaceutical sector in order to become a global competitor in this field. This strategy is coherent with the long-term mission of upgrading Chinese production capacity [93, 104] .
In order to restructure its pharmaceutical sector, China has firstly focused strategic attention on the sector, as evidenced by the government's Five Year Plans. In addition, it has specifically encouraged mergers and acquisitions as one of the main tools to restructure the sector and gain competitiveness. The extent to which this strategy is producing the desired effects has been largely unknown and this is a key contribution of our study.
Our main results show, firstly that there has been a large increase in the number of M&As after 2009, and particularly in vertical M&As. At the same time, we have built a composite index of industrial performance for all manufacturing sectors, including pharmaceuticals. The index shows improvements in the performance of pharmaceuticals that are, on average, higher than other manufacturing sectors for the same period. We then tested the relationship between horizontal and vertical M&As and our index of industrial performance. Our results suggest that, particularly in the post-crisis period, restructuring through vertical M&As was positively correlated with competitiveness. As for horizontal M&As, they seem to have had positive effects when they stimulated the emergence of new large firms. On the other hand, however, when both M&As and the share of assets of existing large firms increased they appear to have had a negative effect on general sectoral competitiveness. These results are coherent with what is suggested in the literature for a sector that is in an expansionary phase of its life cycle and still characterized by a low number of big players. In such a phase, a general increase in the number of big players-and possibly in the level of competition among them-can have a more positive impact on the overall performance of the sector, than higher concentration of assets in a few existing firms. As a whole, our results offer some supportive evidence for the effectiveness of the main restructuring strategies undertaken by the sector in the latest years, although some doubts emerge on the effect of the very recent wave of conglomerate M&As and growth in market assets of existing large firms. Note: * p < 0.05, ** p < 0.01, *** p < 0.001. Note: * p < 0.05, ** p < 0.01, *** p < 0.001.
